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Since the appearance of the preliminary report on
the treatment of war fractures of the femur by means
of extension by the caliper or ice tong method, by
Major Frederic A. Besley,1 more than fifty cases have
been treated by this method, and the end-results have
been sufficiently satisfactory to merit discussion.
To review briefly the technic of obtaining extension
by means of the calipers: The patient generally arrives
at the base hospital within
from twelve to forty\x=req-\
eight hours after being
wounded, depending on
whether or not his con-
dition is satisfactory for
transportation. His
wounds have usually been
excised at a clearing sta-
tion and all damaged skin,
fascia, muscle, detached
bone and foreign bodies,
such as metal, clothing
and dirt, removed. He is
transported in a Thomas
splint with moderate ex-
tension maintained by the
use of glue applied below
the knee joint. We con-
sider the Thomas splint
an ideal one, as it com-
pletely immobilizes the
part, renders the wounds
accessible, provides for
extension, i s easy to
apply, and insures com-
fortable and safe trans-
portation. On his arrival
at the base hospital, the
patient's wounds are im-
mediately inspected for
Fig. 1.—Two weeks following injury. The traction is pulling in the
same direction as the long axis of the thigh. A fixed foot piece is usedin this case. Later glue was applied to the sole of the foot and the foot
suspended from above by a .small weight in order to relieve pressurefrom the Achilles tendon and allow voluntary motion of the ankle joint.The weights seen at the head of the bed support the splint. The right
sided weight is only 5 pounds in order to prevent unnecessary pressurein the groin. As this is a fracture of the upper third of the femur,
extreme abduction is present, though not shown well in this picture.
the presence of either gas infection or secondary
hemorrhage. If his condition is satisfactory, he
is made comfortable and allowed to rest for from
twelve to twenty-four hours. The following day
he is taken to the roentgen-ray laboratory, where his
thigh is fluoroscoped. If a foreign body is still present
it is localized and the site of the fracture is then plated.
The patient is now removed to the operating theater
and anesthetized, usually with ether, and the Thomas
splint and glue extension are removed, while an orderly
maintains moderate traction on the leg. A couple of
sand bags are placed under the knee joint to elevate it
and the entire condylar area is surgically prepared.
A small incision, just sufficient to admit the point of
the caliper, is made through the skin and fascia over
1. Besley, F. A.: Value of the
Compound Fratures of the Femur,
1918, p. 87.
Caliper in Obtaining Extension in
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the most prominent part of the internal and external
condyles. The calipers are inserted and driven into
the cancellous bone about a quarter of an inch, without
any preliminary drilling. The caliper points must
enter the bone just above the most prominent part of
the condyle, as near the middle as possible, and a little
higher on the inner than on the outside.
It is necessary to exercise great care that the caliper
points do not enter the knee joint. In eight of our
cases which terminated in either amputation or death,
dissection of the joint demonstrated that the synovial
sac had not been penetrated, and distention of the joint
capsule produced by injecting warm gelatin and allow-
ing it to solidify revealed a relatively safe area for the
application of the calipers, as is shown in Figures 3
and 4.
Particular care, however, must be taken in those
cases in which a marked effusion is present in the kneejoint. This condition most often results from a direct
trauma to the knee joint, caused by the patient's
striking the ground after being wounded. We have
been fortunate enough in
our cases to avoid this
possible complication.
The small incision
wounds are then iodized
and a dry, sterile dress-
ing applied, which is not
disturbed during conva-
lescence. The ends of the
calipers are tied firmly to-
gether t o assure the
points remaining in place
until traction is applied.
The gunshot wounds of
the thigh are now exam-
ined and paraffin or bis-
muth iodoform petrola-
tum packs removed, if
present. Any foreign
body which remains and
is accessible without do-
ing much damage or open-
ing new areas for possi-
ble infection is removed,




is provided for, if indi-
cated. Sterile petrolatum
dressings are applied to
the wounds, and a Thomas splint, bent at the
knee, depending on the location of the fracture, is
replaced. The thigh and leg are suspended from
the splint by means of strips of flannel bandage which
are well padded and held in place by metal clips, and a
foot piece adjusted so as to hold the foot at right
angles and to prevent any inward rotation. The cal-
ipers can be applied with either nitrous oxid or local
anesthesia. However, if the gunshot wounds are to
be explored and better drainage provided, it is better
to use ether as routine unless some contraindication for
a general anesthetic is present.
The patient is returned to the ward, and while still
asleep the entire splint is suspended from a Balkan
frame by means of a system of pulleys and weights.
A weight of from 10 to 15 pounds, depending on the
muscular development of the patient, is applied to the
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ends of the calipers, the traction being adjusted in the
same direction as the long axis of the thigh. No
manual force has been used in reducing such infected
fractures. Instead, we have defended on our exten-
sion and abduction to approximate the fragments.Some abduction has been used in every case, increasing
it the higher the fracture is located. The danger of
embolus and the possibility of generalizing the infec-
tion from manipulation are well recognized.
The maximum weight used for extension has been
16 pounds, and this has been sufficient to paralyze
the thigh muscles in every case. During the first
twenty-four hours following operation, the patient
may have some pain in his knee ; but this soon disap-
pears, and he is very comfortable. The wounds are
dressed daily or more often, depending on the amount
of suppuration present, the clips allowing the support-
ing flannel to be removed in sections and thus avoiding
Fig. 2.—Calipers in situ in a femur
amputated because of secondary hem-
orrhage. The blackened area over the
articular surface shows the extent of
the knee joint and the safe area on
each side above the condyles where
the calipers can be inserted without
entering the synovial sac.
Fig. 3.—Calipers in situ in a case in which
amputation was performed because of a severe
sepsis. The knee joint has been injected withÎelatin to show the extent of the synovial sac.nter al surface.
Fig. 4.—Same case as Figure 3, ex-ternal surface.
pain due to the loss of support. The use of a bedpan
is made easy by means of a sling attached to the Balkan
frame above the patient's head by which he can lift
himself from the bed. In place of metal clips, per-
forated zinc carriers have been used to support the
thigh and leg in the splint. These, however, have not
been as satisfactory as the clips, as they are easilybroken, interfere with roentgen-ray examination, do
not permit sectional dressing, and often scratch the
hands of the person dressing the wound.
The patient's course depends largely on how quickly
suppuration can be controlled. No matter how exten-
sive the wounds are or to what degree the bone has
been damaged, complete rest is the fundamental prin-
ciple in healing. In some cases the patient's resistance
is good, the infection clears up rapidly, the woundsfill in with healthy granulation tissue, and bone regen-
eration progresses so that union is present after five
or six weeks. In other cases, the sepsis is more stub-
born and the pus burrows between the muscular planes
of the thigh, collecting in pockets which necessitate
subsequent drainage. The traction, which soon par-
alyzes the thigh muscles and keeps them on a stretch,
unfortunately does not entirely prevent the formation
of pus pockets. A retained shell fragment, a piece of
clothing, or an osteomyelitis with sequestrum forma-
tion is usually responsible for the prolonged suppura-
tion of a wound. We firmly believe that gravitationhas much to do with the direction in which the pus
spreads. Since the Thomas splint is always bent in
some degree at the knee, this joint is at a higher levelthan the hip joint; consequently, favored by gravity,
the infection, when it spreads, burrows down toward
the buttock, which is the lowest point. In no case has
the infection been observed to travel upward toward
the knee.
The Thomas splint is often difficult to employ with
comfort to the patient when there are extensive buttock
wounds, on which the lower half of the ring exercises'
pressure. In such cases an anterior or posterior
Hodgens splint can be used to better advantage, the
thigh being sharply flexed to nearly a right angle and
suspended from overhead, rather than from the end of
the Balkan frame. This allows the patient comfort
and greater ease when being dressed, but is hardly as
satisfactory as the suspended net arrangement devised
by Major Sinclair, R. A. M. C.
When bony union is partially complete, the patient
is again roentgenographed to determine the position of
Downloaded From: http://jama.jamanetwork.com/ by a Simon Fraser University User  on 06/08/2015
the fragments and the amount of callus formation.
He is also roentgenographed any time during this
course when correct apposition is doubtful or if there
is no attempt at union within a reasonable length of
time. The ideal arrangement would be, of course, a
portable roentgen-ray apparatus with which each case
could be plated and studied in the exact position the
fragments occupy while in the frame with extension
applied. This apparatus has so far not been used here,
and as a result, the exact amount of traction necessary
has at times been a matter of conjecture. When bony
union is firm according to clinical and roentgen-ray
evidence, the calipers can be easily removed in the
wards without an anesthetic and without pain to the
patient, and a dry sterile dressing applied until the
incision wounds are healed.
Gentle, passive motion of the knee joint is instituted
at once ; in fact, patients are encouraged to move the
knee a little a.t frequent intervals before the calipers
are removed, if some degree of union is present. Such
motion does not damage the
fracture site and has the ad-
vantage of eliminating the pain
on manipulating the joint when
the splint is removed. The
same principle applies equally
as well to the ankle joint.
Some of our cases developed
considerable edema o f the
ankle joint (periarticular) re-
sulting from too great a degree
of dorsal flexion of the foot,
which was applied to avoid a
possible foot drop. A wide
piece of flannel bandage or
gauze applied to the sole of the
foot by means of glue and sus-pended from over head by a
2 or 3 pound weight accom-
plished better results than a
fixed foot piece, as it allowed
voluntary motion of the knee
and ankle joint and relieved all
pressure from the heel andAchilles tendon. Patients
treated in this manner have
avoided edema and limitedjoint motion (because of pro-
longed immobilization) except
in a couple of cases in which
the sciatic nerve was partially
damaged and consequently the ability to move the toot
lost.
CALIPER INFECTION
The success of this method of extension and the
complete comfort of the patient is going to depend
considerably on whether or not the caliper incisions
become infected. In our series, this complication
occurred in 18 per cent, of the cases, which on first
observation may appear very high and sufficient to
question the advisability of their use. On careful
analysis, however, we find that most of such infections
were due to preventable causes, and a second series of
cases treated could be kept to a low percentage (2 or
3 per cent.).
Experience has taught us that the caliper incisions
after being dressed sterilely and bandaged in the
operating theater, at the time of insertion, should be
left undisturbed. There is no indication for any fur-
ther dressing and it only invites infection, as there are
frequently suppurating wounds in the immediate
vicinity. In a few of our cases we drove in the calipers
without any preliminary skin incision, the object being
to decrease the possibility of infection. This technic
is very satisfactory, provided the caliper points are
sharp and do not drive the skin in ahead of them.
The calipers used here were all improvised from either
meat skewers or wire. As a result of their crude con-
struction, they frequently broke at the cross pieces
where they were riveted, or the points bent whendriven against the hard bone. Consequently, in a cer-
tain number of cases the reinsertion of a second pair
of calipers was necessary and this procedure was prac-
tically always followed by infection. There is no
doubt that the use of a well constructed steel caliper
would eliminate the most frequent cause of suppura-
tion around caliper incision.
Another very important cause of caliper infection
occurred in patients whose early days in the hospital
Fig. 5.—Compound comminuted fracture ofthe lower end of the femur involving the kneejoint. Anteroposterior view of the fracture on
admission of the patient to the hospital.
Fig. 6.—Anteroposterior view of the fracture
shown in Figure 5 after six weeks of extension
with glue. There has been practically no changein the position of the fragments. Three inches
of shortening is present.
were attended by delirium due to associated head
injuries, and during which time they became violent,
tore out their calipers, and infected their caliper
incisions. The use of proper arm restraints or a caliper
kept firmly locked by a set screw would easily prevent
this complication. In two patients, who were pro-
foundly septic during a long period of time, infection
around the caliper points developed spontaneously and
was probably due to a general lowered resistance of
the patient.When the caliper incisions become infected regard-less of cause, how much damage results and how does
it affect the patient's comfort and convalescence? In
the majority of our infected cases the suppuration
has remained localized around the calipers, either on
one or both sides, and no drainage has been necessary.In such cases we at first removed all the weight from
the calipers until the infection subsided; but lately we
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have only slightly decreased the traction for a few
days if the patient complained of discomfort. In three
cases the infection was more severe and gravitated
down the thigh, necessitating a long lateral incision
through the skin and fascia and allowing free drainage,
the amount of traction being decreased for a few days
while the infection was most acute.
The question as to how much the calipers damage
the cancellous bone of the lower end of the femur is
somewhat difficult to answer definitely at this time.
In cases not infected, it is certain very little harm is
done, and bone regeneration soon fills in the small
defect. In infected cases it is quite possible to see how
a periostitis and even an osteitis could develop ; but
we have had neither clinical nor roentgen-ray evidence
of such a complication. That infection can be present
around the calipers without influencing the bone itself,
was demonstrated in a case in which the calipers were
applied for a period of twelve weeks and infected
from the time of insertion,
as a suppurating wound
was present over the ex-
ternal condylar area. Am-
putation was performed
in this case because of
severe sepsis and non-
union, and a cross section
of the lower end of the
femur, exactly through
the site of the insertion
of the calipers, revealed
no bony destruction. It
would appear that if peri-
ostitis or osteitis were
prone to occur, this would
have been a favorable
case, as the patient was
emaciated, had multiple
septic wounds of the legs,bilateral gangrenous
trench foot and little
ability to resist infection.
No case in the entire
series presented any
signs of damage to the
bony structures by the
calipers or evidence of a
consequent osteomyelitis.
Fig. 7.—Anteroposterior view of the fracture after seven weeks of
caliper extension. No shortening present. The calipers have beendriven in a little too far in this case.
CONTRAINDICATIONS FOR THE USE OF CALIPERS
There are very few contraindications for the appli-
cation of the calipers in fractured femurs, and we
have used them alike in both the simple and the com-pound varieties and regardless of the site of the frac-
ture and the amount of comminution. In cases in
which one or both condyles have been shot away they
are of course impracticable. When suppurating
wounds are present over the condylar area with little
or no accompanying bone" damage, the insertion of
the calipers is questionable and would depend largely
on the judgment of the surgeon and on his decision
as to whether or not he would care to risk infecting
the cancellous bone.
The presence of suppurating wounds near the site ofintroduction of the calipers is hardly a contraindicationfor their use since by bandaging the incisions and thenleaving them undisturbed, usually no infection results.Comminuted fractures of the lower end of the femur
involving the knee joint have been treated by this
method of extension with very favorable results.
ANALYSIS OF CASES
The number of cases reported in this series is lim-
ited to fifty, because at the end of that time segregation
of all fractured femurs in a special hospital was rec-
ommended by the British Surgical Service. Prac-
tically all the patients were healthy, well developed
men whose average age was about 28 years. The
youngest was a boy of 18, while the oldest was a
Scotchman of 57, who, in addition to his compound
fractured femur, had a shattered arm which demanded
immediate amputation. His course was very septic
and terminated fatally in about five weeks with a
bronchopneumonia. The right and left thighs have
been about equally involved. In regard to the location
of the fracture, 33 per cent, were present in the upper
third of the thigh, 54 per cent, in the. middle third,
and the remaining 13 per
cent, in the lower third.
Only two of the frac-
tures, or 4 per cent., were
of the simple variety, and
of the 96 per cent, that
were compounded, over
one half were badly com-
minuted in addition.
The wounds of the
fleshy parts of the thigh
varied from small, sharply
defined tracts to extensive
evacuations with much
loss of substance. They
had practically all been
excised and left open, and
so were infected at least
to some degree when
reaching the base hospital.
Primary union was there-
fore not common, and
seen in only two cases.
The length of time re-
quired for the wound to
heal by secondary union
varied considerably. In
at least 75 per Cent, of the
cases, healing was com-
plete by the time the bone
had firmlv united, so that
the patient could be evacuated to England ; and in 25
per cent, of the cases there was some serous or puru-
lent discharge on transferal. Foreign bodies remained
present in 40 per cent, of the cases, either one or manypieces of metal. In two cases large pieces of shrapnel
were removed, followed by rapid closure of the wound.
Thirty per cent, of the cases required a second opera-'
tion of some variety, either for removal of foreign
bodies and a provision for better drainage or an ampu-tation.
It is not the purpose of this paper to discuss the
relative merits of the various chemical substances used
in treating infected war wounds. Fundamentally, their
success or failure depends largely on the thoroughness
of the primary mechanical cleansing of the wounds
rather than whether bismuth iodo form petrolatum
or the Carrel-Dakin treatment is used later. In this
series, the wounds were for the most part dressed with
sterile gauze, either dry or smeared with petrolatum
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to prevent adhesion. When the suppuration was pro-
fuse and of a very foul odor, and considerable necrotic
tissue was present, eusol dressings were used with sat-
isfactory results ; and when the infection was acute
with a tendency to spread, hot boric fomentations,
changed every four hours, were employed to good
advantage. The open air treatment was impracticable
at this time of the year, owing to the low temperature
of the ward.
The average length of time necessary to obtain
firm, bony union has been from eight to nine weeks,
and it has been our policy to keep the calipers in place
with some traction applied until such union was
obtained. The question has been raised, whether,
after six or seven weeks of heavy extension, the mus-
- cles are not paralyzed to such a degree as to prevent
subsequent shortening, even though the callus is not
firm. In two of our cases in which the extension was
removed after seven weeks and the callus was still
soft, the muscles were able to recover and increase
the amount of shortening by nearly an inch. In our.
cases of delayed union, either due to the primary
destruction of much bone or to severe sepsis, we have
kept up extension by means of the calipers for four-
teen or fifteen weeks, the traction being decreased to
5 or 6 pounds during the later weeks.
The end-results as regards shortening and deformity
can be thus summed up: The total shortening in forty
cases evacuated to England amounted to 15j4 inches,
all of this occurring in eighteen cases. Of the remain-
ing twenty-two cases, twelve presented similar mea-
surements of both thighs, and ten showed a total
lengthening of Syí inches. This gives an average
shortening per patient of three-eighths inch. The
greatest amount of shortening in any case was 2 inches
and resulted from the calipers being removed earlybecause of infection, and no other method of extension
could be substituted. The greatest amount of length-
ening obtained was D/4 inches, occurring in a badly
comminuted fracture in the trochanteric region. Par-
ticularly good results were obtained in several cases
which had been held in extension by glue for several
weeks and reached us with little or no union and
much shortening. In one patient this amounted to
4 inches, and by caliper extension it was reduced to
three-quarters inch.
Roentgenograms were taken in nearly all casesbefore and after treatment. In 70 per cent, of the
cases the final plates showed satisfactory results, that
is, good alinement, little or no angulation or over-
riding, and abundant callus formation. The remain-
ing 30 per cent, presented some deformity, either an
overriding due to deficient traction, or angulation due
to faulty supports or too little abduction. This was
marked in but three cases, and even in these, a useful
leg was assured. Two patients had no attempt at bony
union after sixteen weeks of treatment, so they were
then evacuated to England. This nonunion was rather
difficult to explain, as their courses had been absolutely
afebrile except for the first few days, their wounds
never suppurated markedly and healed within a'few
weeks, and the roentgen ray showed a satisfactoryposition in both anteroposterior and lateral views with
no foreign bodies or sequestrums present.Thigh amputation was necessary in 14 per cent, of
the cases. Two were indicated because of severe
secondary hemorrhage, and extreme sepsis with non-
union was responsible for the remaining five. The
mortality in this series was 14 per cent., four of the
amputations having a fatal termination. Of the three
remaining deaths, two were due to acute bacillary
gangrene which had extended so that amputation was
useless, and one was due to a bronchopneumonia. Ten
per cent, of the patients presented partial or complete
sciatic nerve injury and had lost both motor and sen-
sory power in the affected foot and leg. This con-dition remained practically stationary during their
entire convalescence.
The technic of this form of extension in fractured
femurs and the calipers themselves have not reached
perfection as yet, and with an improvement in technic
and materials with which to work, even more favor-
able end-results can be expected. The British medical
stores are now furnishing a well made, nickel plated
steel caliper, which was modeled after the crude wire
ones we used. This new caliper, however, has certain
faults, the most serious being that the point of crossing
of the calipers, where they are riveted, is not close
enough to the ends where the traction is applied. By
advancing this point of crossing, which represents thefulcrum, the leverage has been correspondingly
increased, with the result that when a 15 pound weight
has been applied for traction, the caliper points havebeen gradually forced into the cancellous bone, much
farther than is necessary. Such a result occurred in
which we used these ordnance calipers, and similar
results have been reported to us from other hospitals
where they are now being used. The substitution of
a set screw in place if a rivet would be a distinct
improvement in that the caliper points would be held
as firmly in the bone as a nail driven entirely through,
and there could be no loosening of the points when the
traction is temporarily removed, as is necessary intransporting the patient to the roentgen-ray labora-
tory. At present instead of a set screw we use a stout
cord or a small spiral spring to hold the handle ends of
the calipers together. The caliper method accom-
plishes everything that the Steinman nail driven
through the lower end of the femur does, and has the
advantage of causing less damage to the bone and
less danger of a central osteomyelitis.
The Rain-Barrel Mosquito.—If there is a rain barrel, or
any receptacle for stagnant water about premises, the notice
of the Connecticut State Entomologist will serve as a warn-
ing. It says : Even though all fresh water swamps are
drained we may suffer from the bites of the house or rain-
barrel mosquito which enters the house and bites after dusk.
This kind of mosquito breeds in rain-water pools, rain
barrels, tubs, buckets, tin cans, etc. ; in fact in any receptacle
which may fill with water when the first hard shower comes.
Wherever any building operations are being carried on, there
are usually tubs or barrels of water, and many householders
carelessly leave around the premises tubs, kettles, or tin cans
which serve as breeding places ; then too, old cisterns, clogged
roof gutters, eave spouts and leaders occasionally furnish a
breeding place and should be given attention. A little kero-
sene applied to the surface will kill all "wrigglers." Every-
one-should see that no such possible breeding places exist on
his premises, but we cannot depend on everybody to look out
for this. Hence it is essential that municipal inspectors be
sent from house to house for this purpose. If mosquitoes are
troublesome just after dark, it is reasonable to suppose that
they are rain-barrel mosquitoes and that their breeding place
is close at hand, probably on the premises. The first thing
to do then is to search for stagnant water, for without stag-
nant water there can be no mosquitoes. If rains are abundant,
all receptacles and depressions will fill with water; but if there
are no receptacles and no depressions to hold water, there will
be no mosquitoes even in a wet season.
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